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CHADS; versus CHA;DS,-VASc score in assessing the stroke and throm-
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Abstract

Objective To perform a systematic review and meta-analysis of the predictive abilities of CHADS, and CHA,DS,-VASc in stroke
and thromboembolism risk stratification of atrial fibrillation (AF) patients. Methods We searched PubMed and EMBASE for Eng-
lish-language literature on comparisons of the diagnostic performance between CHADS, and CHA,DS,-VASc in predicting stroke, or sys-
temic embolism, in AF. We then assessed the quality of the included studies and pooled the C-statistics and 95% confidence intervals (95% CI).
Results FEight studies were included. It was unsuitable to perform a direct meta-analysis because of high heterogeneity. When analyzed as a
continuous variable, the C-statistic ranged from 0.60 to 0.80 (median 0.683) for CHADS; and 0.64-0.79 (median 0.673) for CHA,DS,-VASc.
When analyzed as a continuous variable in anticoagulation patients, the subgroup analysis showed that the pooled C-statistic (95% CI) was
0.660 (0.655-0.665) for CHADS, and 0.667 (0.651-0.683) for CHA,DS,-VASc (no significant difference). For non-anticoagulation patients,
the pooled C-statistic (95% CI) was 0.685 (0.666—-0.705) for CHADS, and 0.675 (0.656-0.694) for CHA,DS,-VASc (no significant differ-
ence). The average ratio of endpoint events in the low-risk group of CHA,DS,-VASc was less than CHADS, (0.41% vs. 0.94%, P < 0.05).
The average proportion of the moderate-risk group of CHA,DS,-VASc was lower than CHADS, (11.12% vs. 30.75%, P < 0.05). Conclu-
sions The C-statistic suggests a similar clinical utility of the CHADS, and CHA,DS,-VASc scores in predicting stroke and thromboem-
bolism, but CHA,DS,- VASc has the important advantage of identifying extremely low-risk patients with atrial fibrillation, as well as classi-

fying a lower proportion of patients as moderate risk.
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1 Introduction

Atrial fibrillation (AF) is the most common disorder of
the cardiac rhythm. This condition carries an increased risk
of arterial thromboembolism and ischemic stroke. It is also
an important risk factor for ischemic stroke, increasing the
risk of stroke five fold and contributing to at least 15% of all
strokes.!"! Anticoagulation therapy can prevent 1/3 of
strokes in patients with AF, and antiplatelet therapy can
reduce them by 1/5.”) According to the 2010 European So-
ciety of Cardiology (ESC) Guidelines on AF, anticoagula-
tion therapy is the most highly recommended treatment for
AF. In view of the risk of bleeding in patients treated with
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anticoagulants, not all patients with AF require anticoagula-
tion or antiplatelet therapy, and comprehensive risk stratifi-
cation is, therefore, necessary to direct the treatment of pa-
tients with AF. The CHADS, score, a commonly used
method of stroke-risk stratification in AF, was proposed by
Gage et al®! in 2001. CHADS, assigns scores as follows:
chronic heart failure, hypertension, diabetes and age > 74
years count for one point each, and previous history of
stroke or transient ischemic attack (TIA) counts as two
points, for a maximum of six points. A score of 0 is low risk,
one point is moderate risk, and more than one is high risk.
There are several limitations to the CHADS, score. For
example, a substantial portion of patients are classified as
moderate risk, and it is uncertain whether antiplatelet or
anticoagulant therapy should be recommended for those
patients. Furthermore, the scale ignores some potential risk
factors for thromboembolism. The 2006 ACC/AHA/ESC
Guidelines for the management of patients with AF noted
additional risk factors including the following: female gen-
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der, age 65-74 years, coronary heart disease, and thyro-
toxicosis. With this information, Lip et al." proposed a new
risk score named CHA,DS,-VASc. Compared to the
CHADS,; score, it includes three additional factors: female
gender, age 65-74 years, and vascular events (disease).
Each additional factor counts as one point, while an age
older than 74 years was upgraded to two points. As a result,
the total score increased to nine points. The CHA2DS2-
VASc score includes categories of 0 = low risk, 1 = inter-
mediate risk, and > 2 as high risk. The 2010 ESC Guidelines
for AF recommended using the new CHA,DS,-VASc score,
while the latest 2011 ACC/AHA/ESC Guidelines for AF
still recommended the CHADS, score. The latest (2012)
focused update of the ESC Guidelines for the management
of AF again recommended the CHA,DS,-VASc score to
assess the stroke-risk of non-valvular AF patients (IA),”!
particularly to identify the truly low-stroke-risk patients.
About comparing the two scores, many recent large-scale
clinical studies have reached different conclusions. There-
fore, we performed a systematic review and meta-analysis
on the accuracy of the CHADS, and the CHA,DS,-VASc
scoring systems in stratifying the stroke risk of patients
with AF.

2 Methods

2.1 Study selection

Inclusion criteria: (1): the study compared the predictive
abilities of CHADS, and CHA,DS,-VASc and was written
in English; (2): the research subjects in the analyzed studies
were patients diagnosed with non-valvular AF (including
paroxysmal, persistent, permanent); (3): the primary end-
points were defined as stroke or systemic thromboembolic
events (including pulmonary embolism and peripheral arte-
rial embolism); (4): the sample size was more than 300
cases; (5): the full texts, or original data, from which we
could directly, or indirectly, calculate the C-statistic and its
95% CI were available in studies; and (6): the research sub-
jects unanimously received anticoagulant or non-anticoagu-
lant treatment.

2.2 Exclusion criteria

Exclusion criteria: (1): The study included subjects with
valvular heart disease, or specific types of AF patients (such
as patients with AF who received radio frequency ablation
or a pace maker or “lone” AF); (2): The primary endpoint of
the study did not distinguish ischemic stroke from other
forms of stroke (e.g., cerebral trauma, intracranial haemor-
rhage, arteriovenous malformations); (3): Whether the pa-
tients received anticoagulation or non-anticoagulation ther-

apy was unclear; (4): The paper was a review of the litera-
ture, or a repeated report; and (5): The original data were
incomplete, and we failed to contact the author.

2.3 Literature search
Search terms included “CHADS, score”, “CHA,DS,-

VASc score”, “atrial fibrillation”, “risk stratification”, “pre-
dict”, and “stroke”. The search databases included PubMed,
Embase and the Cochrane Library. The search period

ranged from January 1, 2009 to November 30, 2012.

2.4 Data extraction and quality assessment of the in-
cluded studies

The quality of the included studies was independently
appraised by two reviewers. Disagreements were resolved
by consensus or, if necessary, a third reviewer. The recorded
information included research background (such as litera-
ture sources, type of study, the number of samples, mean
age, sex ratio, follow-up time, and the treatment situation).
We were primarily interested in the C-statistic value and its
95% CI. The C-statistics in the included studies were calcu-
lated by receiver operating curve (ROC) analysis and were
treated as either categorical variables or continuous vari-
ables. The C-statistic can quantitatively reflect the judgment
capacity, which is equivalent to the area under curve (AUC).
When the C-statistic is greater than 0.5, the predictive capa-
bility of the model is not random. A score from 0.5 to 0.7 is
considered a low value, 0.7-0.9 is medium, and more than
0.9 is high. We also summarised the incidence of primary
endpoints and the distribution proportion of different risk
stratifications. The quality evaluation of the literature re-
ferred to the method proposed by McGinn, ef al."

2.5 Statistical analysis
2.5.1 Consistency test

We used STATA 11.0 Software for consistency testing.
First, we judged the heterogeneity between the different
studies through the use of the /* value. F* indicates the size
of the heterogeneity: I < 25% indicates low heterogeneity,
25% < I* < 50% indicates intermediate heterogeneity, and /*
> 50% indicates high heterogeneity. If two or more studies
showed homogeneity (or no significant heterogeneity), we
chose a fixed-effects model. Conversely, if there was sig-
nificant heterogeneity, we selected a random-effects model.
We also used STATA 11.0 software to perform linear meta-
regression and sensitivity analyses to identify the source of
heterogeneity and then performed a subgroup analysis./"*

2.5.2 Meta-analysis
STATA 11.0 software was used to merge the C-statistics
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of the CHADS; scores and the CHA,DS,-VASc scores. We
compared the pooled C-statistics of CHADS, and CHA,DS,-
VASc using the following formula:

AZI — Azz

JSEZ +SE}

where Ay and Ay, are the AUCs of CHADS, and
CHA,DS,-VASc scores, respectively, and SE,? and SE,” are
the standard errors of the AUCs. By calculating the
Z-statistic, we determined whether there was a significant
difference between the C-statistics of the two scores, at the
same time, we also performed a paired two-sample ¢ test
with SPSS 16.0 software. In addition, the distribution pro-
portions of the different risk stratifications as well as the
incidences of primary endpoints also were compared. In
subgroup analyses, all the included subjects were divided
into subgroups according to the results of the consistency
test.

7 =

3 Results

3.1 Literature selection and quality evaluation of the
retrieved literature

In total, we initially selected 305 articles, and 20 articles
remained after screening the title and summary. Finally, 8
articles met the inclusion criteria after reading the full text
(Figure 1). The basic characteristics of the selected studies
are shown in Table 1. The summary of C-statistics (95% CI)
and Z-statistics of all the included studies are shown in
Table 2. The quality assessment is summarised in Table 3. The
total number of cases in the included studies was 317, 389.

3.2 Consistency test

Whether the C-statistic was analyzed as a categorical
variable or a continuous variable, the consistency test of the
CHADS, and CHA,DS,-VASc scores showed high hetero-
geneity, with I* > 97%. To explore the sources of heteroge-
neity, we performed a meta-regression analysis using the
follow-up time, treatment, and study type as covariates,
respectively. When the C-statistic was analysed as a cate-
gorical variable, the results showed that the differences in
treatment could reduce the variance component, tau-squared,
of CHADS, from 0.014 to 0.007 (P = 0.025) (Table 4), in-
dicating that the treatment could explain 44.45% of the
sources of heterogeneity. Similarly, the differences in treat-
ment could explain 39.63% of the sources of heterogeneity
for CHA,DS,-VASc (P = 0.024) (Table 4). When the
C-statistic was analysed as a continuous variable, the above

Articles identified
in database search

n=305

Articles excluded based on
title/abstract
(n=285)
n=20 Articles excluded based on full text (n = 12)
o The patients did not match our inclusion criteria (n = 3)

patients older than 75 years n = 1

patients treated after RF ablation n =1

lone AF patients n =1
© The treatment method was inconsistent among patient (n = 1)
o Insufficient data to calculate the C-statistic (n = 4)

Amdes incluc?ed o Discussed only the CHAD2DS2-VASc score (1= 1)
in the analysis o Letter (n=1)
n=29) ® Duplicate data (n = 2)
Figure 1. Overview of the research strategy.

Table 1. Basic characteristics of all included studies.
Year Author Country (ies) Type of study Sample  Female ratio  Follow-up time Treatment Endpoint
size (%) (yrs) event
2011  Poli, et al® Ttaly Prospective cohort study 662 36.1 3.6 Anticoagulation TE
2010  Lip, et alX Europe Observational 1,084 40.8 1.0 Non-anticoagulation TE
2010  Lip, et al™” Global Trial cohort study 7,329 NA 1.0 Anticoagulation TE
2011  Olesen, et al''* Denmark Cohort study 121,280 46.1 1.0 Non-anticoagulation TE
2011  Olesen, et al"'" Denmark Cohort study 112,183 NA 5.0 Non-anticoagulation TE
2011  Olesen, et al" Denmark Cohort study 98,217 NA 10.0 Non-anticoagulation TE
2011 Lin, etal™ Taiwan, China Observational 7,920 459 4.5 Non-anticoagulation Stroke
2011 Sandhu, et /' Canada Observational 4,304 NA 1.0 Anticoagulation Stroke
2011  Sandhu, eral!* Canada Observational 4476 NA 1.0 Non-anticoagulation Stroke
2011 Van Staa, e al.l'” Britain Observational 79,844 49.7 24 Anticoagulation Stroke
2012  Friberg, et al!™ Sweden Cohort study 90,490 NA 1.5 Anticoagulation Stroke

The study of Olesen was divided into three periods of follow-up: *1 year, *5 years, and 10 years. The study of Sandhu was divided into “anticoagulantand and

“non-anticoagulant subgroups. NA: not mentioned; TE: systemic thromboembolism or stroke.
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Table 2. Summary of C-statistics (95% CI) and Z-statistics of all included studies according to whether the C-statistic was analysed
as a categorical or continuous variable.

Analysed as categorical variables

Analysed as continuous variables

CHADS; CHA,DS,-VASc CHADS; CHA,DS,-VASc
Author Z-statistic Z-statistic
C-statistic (95% CI) C-statistic (95% CI) C-statistic (95% CI) C-statistic (95% CI)
Poli, et al.”’ 0.594 (0.514-0.674) 0.524 (0.435-0.614) 1.129 0.717 (0.639-0.795) 0.724 (0.645-0.803) —0.122
Lip, et al¥ 0.586 (0.477-0.695 0.606 (0.513-0.699 0270 0.602 (0.486-0.718 0.673 (0.577-0.769 0913
p
Lip, et al!"” 0.588 (0.551-0.625 0.521 (0.481-0.562 2.365% 0.647 (0.613-0.678 0.637 (0.607-0.674 0.415
p
Olesen, et al''* 0.722 (0.694-0.748) 0.850 (0.829-0.871) —7.247% 0.691 (0.663-0.719) 0.682 (0.653-0.709) 0.440
Olesen, et al!" 0.796 (0.778-0.812) 0.880 (0.866-0.893) —7.493% 0.787 (0.770-0.804) 0.775 (0.757-0.793) 0.939
Olesen, et al."'' 0.812 (0.796-0.827) 0.888 (0.875-0.900) —-7.391% 0.804 (0.788-0.819) 0.792 (0.776-0.808) 1.043
Lin, et al'" 0.683 (0.659-0.708) 0.669 (0.644-0.693) 0.782 0.683 (0.650-0.708) 0.669 (0.640-0.693) 0.690
Sandhu, ez al.[*} 0.627 (0.602-0.651) 0.516 (0.488-0.544) 5.777% NA NA NA
Sandhu, ez al!*¥* 0.636 (0.614-0.658) 0.522 (0.496-0.547) 6.555% NA NA NA
Van Staa, et al." 0.650 (0.630-0.670) 0.600 (0.590-0.610) 4330% 0.660 (0.640-0.680) 0.670 (0.650-0.690) —0.685
Friberg, et al!™ 0.610 (0.570-0.660) 0.560 (0.560-0.570) 2.138% 0.660 (0.660-0.670) 0.670 (0.660-0.680) -1.732

The study of Olesen was divided into three periods of follow-up: *1 year, 5 years, and 10 years. &ndicates P < 0.05. The study of Sandhu was divided into

Santicoagulantand and “non-anticoagulant subgroups. NA: not mentioned.

Table 3. Quality assessment.

Author

=}
=
=}
=
=l
e
=}
S
=)
b

Poli, et al”’
Lip, et al™
Lip, et al '
Olesen, et al''*
Olesen, et al "
Olesen, et al"
Lin, et al'®

Sandhu, et al '™

<K KKK KKK
z Zz =z z z Z Z Z Z
< KK Z zZ KKK
a ¢ ¢ ¢ ¢ c z c c
a ¢ ¢ ¢ ¢ c z c c

Van Staa, ef al.l'"

Friberg et al™ Y N Y N N

Q1: Did the included patients have different disease severities? Q2: Did the
patient selection process exhibit bias? Internal authenticity: Q3: Was the
dropout rate lower than 20%? Q4: Was the predictor to be evaluated blinded
to the endpoint events? Q5: Were the endpoint events blinded to predictors?
The study of Olesen was divided into three periods of follow-up: *1 year,
and 5 years, 10 years. Y: Yes; N: No; U: unclear.

three covariates were independent of heterogeneity (P >
0.05).

3.3 Data analysis

Due to high heterogeneity between studies, it was not
suitable to perform a direct meta-analysis. When analyzed
as a continuous variable, the C-statistic ranged from 0.600
to 0.800 (median 0.683) for CHADS, and 0.640-0.790
(median 0.673) for CHA,DS,-VASc. When analyzed as a
categorical variable, the C-statistic was 0.590-0.819 (me-
dian 0.636) for CHADS, and 0.520-0.890 (median 0.600)
for CHA,DS,- VASc. When the C-statistic was analyzed as
a continuous variable, the Z-statistic indicated that the
C-statistics were similar between CHADS, and CHA,DS,-
VASc in all included studies, but when it was analyzed as a
categorical variable, eight studies showed significant dif-
ferences between the two scores: Olesen’s three studies'!!
favoured CHA,DS,-VASc, and five studies favoured
CHADS, """ However, the paired sample r-test gave ¢ =
0.62 and P = 0.55, indicating that the differences between
the two scores were not statistically significant in these
studies when analyzed as a categorical variable.

Table 4. Results of meta-regression when analyzed using treatment as covariates for CHADS, and CHA,DS,-VASc.

" t N Treatment _cons
Scoring system Number* tau2 I-squared_res Adj R-square
coef.(95%CI) P coef.(95%CI) P
CHADS, 11 0.007 95.99% 44.45% 0.15 (0.02-0.28) 0.025 —0.63(-0.84 ——0.43) 0.000
CHA,DS,-VASc 11 0.029 98.69% 39.63% 0.29 (0.05-0.53) 0.024 —0.89(-1.29 —-0.50) 0.001

*Number of all include studies; “REML estimate of between-study variance; ' % residual variation due to heterogeneity; “Proportion of between-study vari-

ance explained.
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Subgroup analysis: According to the result of the consis-
tency test, all the included studies were divided into
non-anticoagulant and anticoagulant subgroups. When the
C-statistic was analyzed as a continuous variable in the an-
ticoagulation subgroup, the consistency test showed that the
heterogeneity of CHADS, was small (= 0%) and the het-
erogeneity of CHA,DS,-VASc was moderate (I = 44.50%).
We therefore used a fixed-effects model for our meta-analy-
sis. For the anticoagulation patients, the meta-analysis
showed the pooled C-statistic (95% CI) was 0.660
(0.655-0.665) for CHADS, and 0.667 (0.651-0.683) for
CHA,DS,- VASc (no significant difference), shown in Fig-
ures 2 & 3. But the non-anticoagulant subgroup still showed
high heterogeneity. To identify the source of heterogeneity,
we continued with a sensitivity analysis, which showed that
the dropout rates in Olesen’s 5-year and 10-year follow-up
studies were close to 20%, so we excluded them and then
re-performed the meta-analysis. With this adjustment, the /*
value of the heterogeneity test dropped to 0. Therefore, we
may reasonably conclude that these two studies were the
main source of the heterogeneity. After excluding these two
studies, we used a fixed-effects model in the meta-analysis

Study 1D

Poli, et al ™

Lip, et al."

Van staa, et gl

Friberg, et al.l'!

Overall (12=0.0%, P=0.422)

for the non-anticoagulation patients, which showed that the
pooled C-statistic (95% CI) was 0.685 (0.666—0.705) for
CHADS; and 0.675 (0.656—0.694) for CHA,DS,-VASc (no
significant difference), shown in Figures 4 & 5. When the
C-statistic was analysed as a categorical variable, the results
of the subgroup analysis and sensitivity analysis still showed
obvious heterogeneity, and we resorted to a generally de-
scriptive approach. In the original proposal, CHA,DS,-
VASc is proposed as a score and stroke risk is a continuum,
and not into three artificial categories of low, moderate and
high. Thus, the more accurate and valid comparison be-
tween CHADS, and CHA,DS,-VASc is by focusing on the
C-statistics when assessed as a continuous variable. The
distribution ratio of different risk groups in both scores and
the incidence of primary endpoints are summarized in Table 5.
We performed a linear correlation analysis between the av-
erage follow-up time and the C-statistics of both scoring
systems. The result showed that there was a statistically
significant linear correlation between each scoring system
and the follow-up time (the correlation coefficients were
0.75-0.87 whether the C-statistic was analysed as a con-
tinuous or categorical variable, P < 0.05).

OR (95%CI)  Weight (%)
0.72 (0.64,0.80)  0.44
0.65(0.62,0.68)  2.05
0.66 (0.64,0.68)  5.65
0.66 (0.66,0.66)  91.87
0.66 (0.66,0.66)  100.00

T
0.615

1

T
1.63

Figure 2. Meta-analysis of the C-statistic of CHADS, anticoagulation patients when analysed as a continuous variable.

Study ID OR (95%Cl)  Weight (%)
Poli, et al.1* i 0.72 (0.65, 0.81) 1.38
I R
Lip, et al.) : : 0.64 (0.60, 0.67) 6.02
Van staa, ef al.' i 0.67 (0.65, 0.69) 18.51
Friberg, e al.l'¥ + 0.67 (0.66, 0.68) 74.09
Overall (I2=44.5%, P=0.144) 0.67 (0.66, 0.68) 100.00
T I T
0.605 1 1.65

Figure 3. Meta-analysis of the C-statistic of CHA,DS,-VASc anticoagulation patients when analysed as a continuous variable.
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Study ID OR (95%CI)  Weight (%)
Lip, et al. 0.60 (0.50,0.73) 222
Olesen, ef al.'! + 0.69 (0.66,0.72)  51.46
Lin, et al."? + 0.68 (0.65,0.71)  46.32
Overall (72=0.0%, P=0.391) @ 0.69 (0.67,0.71)  100.00
T i T
0.495 1 2.02

Figure 4. Meta-analysis of the C-statistic of CHADS, non-anticoagulation patients when analysed as a continuous variable.

Study ID OR (95%CI)  Weight (%)
Lip, et al. 0.67(0.58.0.78)  3.81
Olesen, et al."l __ 0.68(0.65.0.71)  46.48
Lin, et al.™ + 0.67 (0.64,0.70)  49.71
Overall (12=0.0%, P=0.804) @ 0.68 (0.66,0.69)  100.00

* T

T
0.583 1 1.72

Figure 5. Meta-analysis of the C-statistic of CHA,DS,-VASc non-anticoagulation patients when analysed as a continuous variable.

Table S. Distribution proportion and incidence rate (100 person per year) of endpoint events in different risk stratifications.

CHADS;(revised)' CHA,DS,-VASc

Study Low risk Moderate risk High risk Low risk Moderate risk High risk

Distribute Distribute Distribute Distribute Distribute Distribute

ratio (%) ratio (%) ratio (%) ratio (%) ratio (%) ratio (%)
Poli, et al.”’ 0.0 5.0 39 20.0 6.2 75.0 0.0 2.0 238 5.0 5.0 93.0
Lip, et al¥ 14 20.0 19 35.0 3.1 45.0 0.0 10.0 0.6 15.0 3.0 76.0
Lip, et al ' 0.0 20 0.9 31.0 2.1 2.0 NA 0.0 0.5 6.0 1.7 94.0
Lin, et al'" 0.5 30.0 1.0 37.0 NA 34.0 0.4 8.0 0.5 19.0 NA 73.0
Sandhu, ezal™?¥ 1.1 NA 32 NA 8.4 NA NA 0.0 13 NA 6.5 NA
Sandhu, ezal® 14 NA 2.1 NA 6.7 NA NA 0.0 4.1 NA 9.9 NA
Friberg, etal™ 09 15.0 52 25.0 123 6.0 0.3 6.0 19 7.0 8.9 87.0
Van Staa, eal"™ 1.0 NA 37 NA 8.3 NA 0.5 8.6 1.1 12.7 46 78.7
Olesen, et al"™ 1.7 21.6 438 314 123 47.0 0.8 8.4 2.0 12.0 8.8 79.6
Average” 0.9 15.6 3.0 299 74 348 0.3 438 1.6 11.0 6.1 83.0

*]-year follow-up within the study of Olesen. “The average rate is combined with TE and stoke. Separately the average incidence rates of TE in the low, me-
dium, high risk were 0.98%, 3.04%, 8.93% for CHADS, and 0.78%, 2.88%, 5.93% for CHA,DS,-VASc, and average rates of stroke were 0.78%, 2.88%,
5.93% for CHADS; and 0.27%, 1.48%, 4.63% for CHA,DS,-VASc. 1 CHADS,—revised: low risk score 0, moderate risk score 1, high risk score 2—6. §&A\:

anticoagulant and non-anticoagulant subgroups within the study of Sandhu, respectively. TE: systemic thromboembolism or stroke; NA: not available.
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4 Discussion

The CHADS; score has been widely used in evaluating
the risk of stroke in patients with AF since 2001. CHADS,
high-risk patients require anticoagulation therapy, and mod-
erate-risk patients require anticoagulation or antiplatelet
therapy, according to the assessment of the risk of bleeding
complications and the choice of the patients, but some stud-
ies have shown that anticoagulation is more effective than
antiplatelet therapy in reducing thromboembolic events in
the CHADS, moderate-risk group.[l(”m CHADS, low-risk
patients require antiplatelet or no treatment, but Go ez al.!"
reported that the stroke rate in CHADS, low-risk patients
was 0.49%, while the anticoagulant subgroup of low-risk
patients fell to 0.25%. These results imply that some
CHADS,; low-risk patients can still benefit from anticoagu-
lant therapy. In addition, the CHADS, score often allocates
a significant proportion of patients into the moderate-risk
group, which can confuse physicians as to whether antico-
agulant or antiplatelet therapy should be administered. The
CHADS, score should be improved to identify truly
low-risk populations.

The new CHA,DS,-VASc score includes additional risk
factors compared to CHADS,, making it more comprehen-
sive and individualized, but the rules and principles of
treatment are almost the same. Owing to high heterogeneity
between the studies included in our meta-analysis, the
two-score system was not adopted to quantitatively describe
their results, and also can’t be compared directly. The
C-statistic of both scoring systems included studies mainly
concentrated from 0.60 to 0.80, indicating that the predic-
tive abilities of the CHADS, and CHA,DS,-VASc scores
are not random and considered a low to moderate level.
When the C-statistic was analyzed as a continuous variable,
the two models had no significant differences, but when it
was analyzed as a categorical variable, CHADS, seemed to
have an advantage over CHA,DS,-VASc. This could have
been observed for a number of reasons: In contrast to
CHADS,, more patients were assigned to the high-risk
group by CHA,DS,-VASc, most of the endpoints were
concentrated in the high-risk group, and the proportion of
patients in the moderate-risk group was decreased in the
CHA,DS,-VASc system, all of which could lead to dispro-
portionate risk stratification by CHA,DS,-VASc, making
the C-statistic of CHA,DS,-VASc lower than CHADS,.

The subgroup analysis showed, first, that the pooled
C-statistic of both scores in the anticoagulant subgroup were
similar to the non-anticoagulant subgroup. The risk score is
less meaningful in anticoagulated patients because the main
function of the risk score is to direct treatment, but the risk

score also can predict the incidence of stroke, or systemic
thromboembolism, in patients with AF and estimate their
prognosis. Considering the high risk of stroke in high-risk
patients receiving anticoagulation therapy, we need to take
further measures to control the risk factors, or perform
regular trans-oesophageal ultrasonography. These results by
linear correlation analysis between the average follow-up
time and the C-statistics of both scoring systems suggest
that the predictive value of CHADS, and CHA,DS,-VASc
can increase gradually over time.

Our meta-analysis showed that the average incidence
rates of endpoint events in the different CHADS, risk strati-
fications (low-risk, moderate-risk, high-risk) were 0.94%,
3.07%, and 7.56%, respectively. Similarly, the incidence
rates of endpoint events in the different CHA,DS,-VASc
risk stratifications were 0.41%, 1.61%, and 6.02%, respec-
tively, indicating that the incidence rates of the primary
endpoints in both scores increased with the risk stratification.
This meta-analysis showed that the average endpoint inci-
dence in the CHA,DS,-VASc low-risk group was lower
(0.41% vs. 0.94%) than the CHADS, low-risk group; the
two-sample #-test showed that there was a statistically sig-
nificant difference between the low-risk groups of the two
scores (¢t =2.442, P=0.026), the high-risk groups of the two
scores had no significant difference. In addition, for the
CHADS, low-risk patients, the rate of endpoint events in the
anticoagulant subgroup was significantly lower than the
non-anticoagulation subgroup (0.94% vs. 1.1%), which in-
dicates that CHADS, stratifies some non-low-risk patients
as low risk and that some CHADS, low-risk patients can
still benefit from anticoagulation. Sato ez al.!" reported that
the low-risk patients categorized by CHA,DS,-VASc re-
ceived anticoagulation therapy, but the stroke rate did not
decrease, while the patients in moderate- and high-risk
groups could still benefit from anticoagulation. Potpara et
al.®™ published an observational cohort study of 345 pa-
tients diagnosed as “lone” AF with a 12-year follow-up.
Their results showed that, compared to CHADS,, only the
CHA,DS,-VASc low-risk group (score = 0) was signifi-
cantly related to the absence of stroke (OR: 5.1, 95% CI:
1.5-16.8, P = 0.008) and that the CHA,DS,-VASc score
had a better predictive ability, with a C-statistic of 0.72
(0.61-0.84).*" Boriani et al.*" also published a retrospec-
tive study of 568 patients with pacemakers. They found that
the sensitivity of CHA,DS,-VASc > 1 reached 100%, indi-
cating that the CHA,DS,-VASc score had a high sensitivity
and a good predictive ability for truly low-risk patients with
AF. Therefore, the CHA,DS,-VASc score has a greater
ability to identify truly low-risk patients with AF than
CHADS,.”"
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In addition, the proportion of patients classified as mod-
erate risk by CHA,DS,-VASc was less than that of
CHADS, (11.12% vs. 30.75%, t = 2.731, P = 0.01). How-
ever, the proportion of patients in the CHA,DS,-VASc
high-risk group was greater than CHADS, (82.3% vs.
37.62%). Therefore, the CHA,DS,-VASc score identifies
more patients as high risk to avoid inadequate treatment.
Due to the addition of risk factors to CHA,DS,-VASc, the
patients in the CHADS, moderate-risk group are diverted to
the high-risk group by CHA,DS,-VASc, which will not
only enhance the difference between the high- and moder-
ate-risk groups and decrease the risk of the CHA,DS,-VASc
moderate-risk group, but will also avoid concentrating too
many patients in the moderate-risk group and facilitate the
selection of treatment for these patients.

The limitations of this meta-analysis were as follows.
Firstly, in diagnostic trials, it is a common problem that
there is high heterogeneity between the different studies,
which could have created multiple sources of heterogeneity,
such as random error, different interventions, different fol-
low-up times, and the diversity of the primary endpoint
event. In this meta-analysis, there is also significant hetero-
geneity between studies in both the CHADS, and
CHA,DS,-VASc scores. After a meta-regression analysis,
heterogeneity was primarily derived from the treatment and
we performed subgroup analysis. Secondly, the C-statistic
in this meta-analysis was not adjusted by the treatment ef-
fect. In addition, the anticoagulation subgroup in some
studies might have exhibited some differences, such as a
different anticoagulation intensity and different therapeutic
times. Most studies did not describe whether some patients
in the non-anticoagulant subgroup switched to anticoagula-
tion therapy during follow-up, and we also did not get a
clear answer from the authors. These treatment effects are
likely to be one source of heterogeneity. Thirdly, regarding
primary endpoint events, most of the selected studies com-
bined stroke and systemic thromboembolism as the primary
endpoint event, and the average incidence of different risk
stratifications in this meta-analysis was not the true stroke
rate. Fourthly, some studies were included in the same arti-
cle, perhaps this may cause some degree of unknown bias,
so it requires further validation from different authors. Fi-
nally, some of the excluded studies regarded a CHADS,
score > 1 as well as a CHA,DS,-VASc score >1 as a risk
factor; we failed to obtain the specific data from the authors,
therefore, were unable to calculate the C-statistics exactly.

Due to high heterogeneity among studies, it was not
suitable to perform a direct meta-analysis on the eight in-
cluded studies. The C-statistic suggests the clinical utility of
both the CHADS, and CHA,DS,-VASc scores in predicting

thromboembolism, and the predictive abilities of the
CHADS, and CHA,DS,-VASc scores is not random, but
also not high. The CHADS; score still plays an important
role in AF risk stratification for its simplicity and practical-
ity. Compared to CHADS,, CHA,DS,-VASc can more ac-
curately identify the truly low-risk patients, reduce the pro-
portion of moderate-risk patients, and identify more
high-risk patients to avoid inadequate treatment. We must
also note that using the CHA,DS,-VASc score will cause
more patients with AF to be assigned to the high-risk group,
but the recommendation that patients with a CHADS, or
CHA,DS,-VASc score > 2 receive anticoagulation therapy
is unchanged; that is to say, more patients with AF require
anticoagulation and should endure the inconvenience of
anticoagulant monitoring and accept the risk of bleeding.
Considering the emergence of new, safe oral anticoagulants
for patients with AF, such as dabigatran etexilate and ri-
varoxaban, anticoagulation therapy may still have a great
benefit in clinical practice.
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